
orbit. For example, Advanced Very High Resolution Radiometer (AVHRR) visnir
channels have shown gain loss rates ranging from 7% per year (NOAA-9) [1] to
nearly zero (NOAA-6), and CZCS results for the four years after launch indicate that
degradation is more rapid at shorter wavelengths (average degradation rate of 7% per
amum for Channel 1 at 443 nm, falling to less than l% per amum for Charnels 3
and 5, at 550 and 670 nrn respectively [2]). A primary objective of aircraft ~~dies is
therefore to measure the absolute gain of the MODIS visn.ir channels a~~heir rate
of change in orbit. Based on results from other satellite sensors, it WO,#%$%%..
necessary to collect such measurements at least twice a year (more fre@en@,,~~i,,.

““%:::~?y,

immediately after launch) to establish the gain to the accuracy required for us~ful
application in global change science.

MODIS will have an onboard radiance calibration systen#or the visnir charnels,
but the system represents technology that is unproven in ~#l$$i~$%4second objective
is therefore to provide independent calibration data to vaMl#@#the performance of
the onboard system.

%?.?::>:{,~:::,,,~.y~..e.,....,.,.,.:.:.,.,’.:,:,.

Either MODIS instrument’s scan mirror, if contaminated in space, will cause the
charnel gains to become dependent on scan angle. No measurements of this
dependence will be available from the onboarclX@lbration systems, so a third
objective is to measure gain as a function of s$~~~~gj~~,,wH....‘:~{y:~:jxi;:.

..?::::<:*.:..
Figure 5.3.1 illustrates the method, which uses~~~unlit, optically stable, highly

reflective and cloud-free ground target as a transferstandard between a well-
calibrated spectroradiometer on the aircraft and the radiometer on the satellite. The
method depends on accurate predi~.~,on of the satellite-target viewing geometry,
which is necessary to enable the ,,~~~~t,,spectroradiometer to be coaligned with the
satellite view vector during satq~$e,$~~~w~ss. Small corrections must be applied to
account for the effects of the atn%%~fieric “path between the aircraft and the satellite,
and to account for the difference be~~en the footprints of the two instruments on
the target. These corrections, and knowledge of the spectral response function of a
given channel of the satellite radiometer, allow the calculation of equivalent sets of
radiance values (frorn..+the aircraft measurements) and count values (from the
satellite measurem~#?#y#~$ correspond to the altitude of the satellite radiometer
and the field-of-vi~~t$of t@#pircraft spectroradiometer. These sets are augmented in
the case of AW~~f~~ig#rnple, by the measurement of the count corresponding to
the radiance of space, w~~h is assumed to be zero. A least squares fit between the
sets gives the gain (i.e. count output divided by radiance input) of the satellite
radiometer’s channel as the slope of the best-fit line.

The atmospheric correction is minimized by operating the aircraft in the
stratosphere, so the necessary corrections are limited to stratospheric aerosol and
stratospheric ozone. In this case the atmospheric correction for reasonable
observation geometry is calculated to be less that 37. for channel 1 of AVHRR and is
smaller for charnel 2. The correction may be calculated to adequate accuracy, in the
absence of recent additions of aerosols of volcanic origin, by adopting climatological
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averages for stratospheric composition, and calculating the correction with the
LOWTRAN-7 [3] computer code. The aircraft spectroradiometer collects data for a
period of approximately 3 minutes over the target. Satellite data encompassing the
spatial range of the aircraft data are collected from the satellite radiometer for
approximately 3 seconds in the middle of this period, and the method assumes that
the two data sets correspond to identical states of scene structure and illumination..:,::~i;~+y+~..k<:z$

The footprint correction is achieved by making the footprint of the~g~~~
spectroradiometer much larger that of the satellite radiometer. The f~otpr~@$~ed as
the transfer standard is then the footprint of the aircraft spectroradiometer, wfich is
well-characterized compared to that of the satellite radiometer. Initial navigational
uncertainties between the aircraft and satellite pointing vectors amount to the
equivalent of several footprints of the aircraft spectroradiorr@er. It is therefore
necessary to search the satellite image to find the image ~~~f~~~ent from nominal
alignment that corresponds to maximum correlation hew””-~e set of aircraft
radiance measurements and the equivalent set of counts froiil%~~ satellite
radiometer. This approach to fine-tuning of the navigation impfies that the correct
displacement is that which corresponds to the best (in a least-squares sense) linear
relation between radiance and counts, and the approach is therefore unsuited to a
determination of the linearity of response of t~fi.:p~ellite radiometer. Over
effectively uniform targets (such as clear oceaNigr*g$#~j$his restriction does not,.::::~:.,.,::X.:.:.......
apply. ,........:.:...:.:.:.+...fi,:.:.:,:.,.*,,.,.,.,.,,,:.,.>.,:::,:,,,,,,,...,.,...........::::,,,,,:,.::=

The method assumes that the spectral response ‘“’functions of the satellite
radiometer channels have not changes since being measured before launch, and all
observed changes in response in or~~g are attributed to changes in gain. For NOAA-
11 AVHRR the preliminary resul#~~,orted here show that the gain ratio of channel
1 to charnel 2 during the perio~#o~#~$~, 1988, to October, 1990, is constant to
within A 1!40. This strongly sug~~$f~thatneither channel has changes its spectral
response during this period. ..:::.~,.::~

The spectroradiometer has been radiance and wavelength calibrated on an
irregular schedule si~~~,,.:~,heequipment was acquired for NOAA in March, 1988. The
system was calibra~q#~~~~ASA/GSFC laboratory at Greenbelt, MD, before and after

most flights, but t@~:~me “~~~ervalsbetween flight and calibration usually exceeded 1.
month. All calibrati~@$~$~were collected under ambient laboratory conditions and
without the aircraft wini3i5w in place. The window transmittance as a function of
incidence angle was measure separately, and included in the calculations as a
correction term.

Figure 5.3.2 illustrates the experimental arrangement in the laboratory to
radiance-calibrate the 1.22 m diameter hemisphere calibration source. The spectral
irradiance spectrum of a secondary standard lamp supplied by Optronic Laboratories,
Inc., is transferred to an Optronic model 740A spectroradiometer equipped with a
small integrating sphere at its entrance port. The purpose of the integrating sphere
to render the 740A’s response to input irradiance effectively independent of the
angular (and spatial) distribution of input irradiance elements at the entrance

is
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aperture of the 740A system. The (740A) irradiance to (hemisphere) radiance transfer
requires accurate measurement of the diameters of the apertures in the sphere and
the hemisphere, and of their separation.

The 1.22 m diameter hemisphere source is internally coated with a barium sulfate
pigment embedded in a polyvinyl alcohol binder. Twelve 200W coiled-cqjl tungsten
filament lamps are arranged internally along the great circle of the her@$$here
adjacent to the flat face. Light from the lamps is baffled by a barium s@%~+$Oated
internal cylindrical section that prevents direct illumination of the efi~ ape@%gp, and
the flat internal face of the hemisphere is painted matt black. The lamps are ‘“y”
independently switchable, and are run at a current of 6.500 ~ 0.001 amps. Results for
the uniformity, accuracy, and stability of the radiance calibration of the hemisphere
have been published elsewhere [4]. Uniformity of the radia~~ field (with all 12
lamps lit) as a function of spatial and angular displaceme~~@@ a position
observing along the axis of the hemisphere was reported t@%#i%$~tterthan @3~0...::<:~.;,::.>

+.:,;:.~.$,:,:. .
The spectroradiometer is mounted on a gimbal in the aircraftthat allows its

.,,,,,:.:.:.

optical axis to be directed to a range of angles to the right and below the aircraft axis.
These motions are controlled by an onboard minicomputer through azimuth and

elevation drive motors with a positioning acc~~~~fi~of,approximately 1°. The optical
axis passes through the center of an uncoated ““~~,~~~~~k:i~rasilwindow (both have
been used) set into the floor of the aircraft.

~:.:.:.:.y“,’.?.):~j::::~..................,:.,,:,,.,.,.,..,~::::..:,::.:.:,:,:..:,:,:,,.,
The silicon detector and preamplifier (EG&G -V 4000B) is hermetically sealed

behind its window. The detector responsivity near 400 nm and especially near 1000
run is temperature dependent, so t.~g,:::detector temperature is actively controlled at
approximately 17 c with a peltie~~~~~~,x~anger. Heating pads are wound around
the body of the spectroradiome;~$:,t:$~~~mize internal temperature gradients.
Under flight conditions the tem$i%i~re of the supporting frame measured close to
the spectroradiometer is in the range~~O to 10 C.

The onboard minicomputer also acts to control motion of the second blocking
filter and the beam blt@@g actuator, and supervises the recording of spectral and
housekeeping data~~~a~%$$~ recorded with a resolution of 12 bits, and include the
spectral data, frard~$~,d d~$#ctor temperatures, power supply voltage, time from a
dedicated clock, and~~~~~f azimuth and elevation. The pitch, roll, heading, and
altitude of the aircraft aili recorded by the separate aircraft Inertial Navigation System
(INS), which has its own dedicated clock.

White Sands, NM, has been the target of choice for recent measurements, but the
CZCS was successfully calibrated in 1983 by this method using clear ocean surface as
the target. High reflectivity targets, such as snow and stratus cloud fields are
attractive candidates for future evaluation as suitable targets.

Figure 5.3.3 show preliminary results [5] obtained for the NOAA-1 1 AVHRR from
6 ER-2 flights over White Sands, NM, between November 1988 and December 1990.
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Themethod hasseveral major advantages: itisthe only absolute method now
available (excluding on-board systems), it has high intrinsic accuracy traceable to
NIST standards, it requires no field work, and it can be configured for rapid response
to a request for calibration information. Figure 5.3.3 also shows the results from
Kaufman and Holben, using selected desert areas observed at annual inte~vals with
the same observation and illumination geometry, and the results of Ch#~ al., using
White Sands to transfer the calibration of the SpOT Haute Resolutio,#$%$b~ (HRV)
charnel to AVHRR. These two methods represent, respectively, the ~or~”~~$$ise
relative methods now available, and the methods for cross-calibrating sensors”yon the
same or different platforms. The trend of gain decreasing with time shown by the
aircraft results is confirmed by Che et al., and is consistent with the results of
Kaufman and Holben, although the aircraft-measured absol~$~ gain is displaced
from the other results for charnel 2. Figure 5.3.3b gives t~g$~e~,~$tsexpressed as the
ratio of gains for charnels I and 2. Normalized Differenc@$%$#$~tation Index (NDw)
is a function of gain ratio, which must be held constant (or rn#iii$~ed accurately) to
provide useful estimates of NDVI. The aircraft measurements indicate that the gain
ratio is within ~ 17., which agrees with the results of Kaufman and Holben for the
February/March periods, and disagrees with their results for August/September and
with the results of Che et al. ,.{:l,,,...,..,,.,:::,:,:,,::,:.:.:,:;:,,,,,,:.:............%.:.fi.:.:,:,:.:.,.,‘%::::.:::......... ...,.,,.... ..:::::::::;~.......<:y,:~$y,:~::;,,.,s.:::::~:.

This project is now reducing data collected ~M%he GOES-7 VISSR/VAS and
.““.=:*.::.?

from NOAA-9 AVHRR. Underflights of NOAA “’~~ GOES satellite sensors are
planned for spring and fall of 1992. ..y
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